ABSTRACT The external morphology of coeloconic sensilla (peg-like sense organs protruding from deep pits) on the postpedicel (third antennal segment) and maxillary palp from a female Megaselia scalaris (Loew) is described using scanning electron microscopy. The pegs of the sensilla located on the postpedicel are "starfruit-like" in shape and are completely contained within deep depressions. Transmission electron microscopy showed that each peg has a thick and nonporous wall. The coeloconic sensilla of the maxillary palps are long, linear, and blunt-tipped and protrude over the cuticular surface. Possible functions of the sensilla are discussed.
LARVAE OF Megaselia scalaris (Loew), a species of scuttle or humpbacked ßy (Diptera: Phoridae), feed on a range of decaying organic materials and are occasionally of medical importance as agents of myiasis in humans and animals (Zumpt 1965 , Singh and Rana 1989 , Disney 1994 . In addition, they represent pests in human environments or insect-rearing laboratories (Barre et al. 1991) . In the forensic sciences, representatives of the Phoridae were found to be informative (Greenberg and Wells 1998) . Toxicological analysis of pupal cases of this species was conducted by Miller et al. (1994) to determine concentrations of amitriptyline and its metabolite nortriptyline in a mummiÞed corpse. Due in part to the relatively minute size of adult phorids (typically 2Ð3 mm), they may be the only insects that reach corpses found within a tightly sealed environment with extremely limited access. A case in Japan involving M. scalaris may serve as an example (Greenberg and Wells 1998) .
Most necrophagous insects search for a corpse at a certain stage of decomposition to deposit their eggs. However, females of M. scalaris can arrive at a corpse and lay their eggs not only when the remains are fresh but also Ϸ3Ð 4 mo later when the body has become mummiÞed (Greenberg and Wells 1998, Sukontason et al. 2001) . To locate the remains, this ßy must be equipped with excellent olfactory organs to detect chemical cues produced by corpse decomposition (Greenberg and Kunich 2002) . Antennae, maxillary palps, or both have been interpreted by DeVaney et al. (1970) as major olfactory receptors in adults of the screwworm, Cochliomyia hominivorax (Coquerel) (Diptera: Calliphoridae). Likewise, the olfactory sense organs in adults of the fruit ßy Drosophila melanogaster (Meigen) (Diptera: Drosophilidae), are located mainly on the antennae and maxillary palps (Stocker 1994 , de Bruyne et al. 1999 . For Phoridae, the putative olfactory structures of the antennae and palps have been described for Megaselia halterata (Wood), a pest of cultivated mushrooms (Pfeil et al. 1994) . In this article, we describe the pertinent body appendages in M. scalaris by using scanning electron microscopy (SEM) to investigate the similar coeloconic sensilla of female M. scalaris. These sensilla were found to be numerous on the postpedicel (or third antennal segment) and maxillary palps. To evaluate these sensory receptor organs more thoroughly, the internal ultrastructure of a coeloconic sensillum on the postpedicel was investigated using transmission electron microscopy (TEM). Terminology used in this article involving the antennal sensilla follows that of Zacharuk (1985) .
to obtain only the head portion to undergo further SEM processing.
Scanning Electron Microscopy. The head specimens were washed several times with normal saline solution. They were then preÞxed with a 2.5% glutaraldehyde in phosphate-buffered solution (PBS) with a pH of 7.4 at 4ЊC for 24 h, postÞxed with 1% osmium tetroxide, and dehydrated in a graded alcohol series that was followed by treatment in acetone and critical point drying. They were then mounted on stubs, sputter-coated with gold, and viewed with a JEOL-JSM840A scanning electron microscope.
Transmission Electron Microscopy. The procedure for preparing specimens for the TEM process was the same as for SEM up through the Þnal steps in the dehydration process in the graded alcohol series when specimens were placed in absolute alcohol for two 12-h periods. Thereafter, specimens were placed in acetone for 2 h and transferred into a mixture of SpurrÕs resin and acetone with a ratio of 1:3 for 24 h, and then a 1:1 ratio for 24 h and Þnally a 3:1 ratio for 24 h. In two, separate 3-h exposures, specimens were then placed solely in resin. This embedding process was carried out by incorporating specimens into a plastic block that was later incubated at 70ЊC for 24 h. Semithin sectioning (0.5 m) of the postpedicel of the specimen was accomplished with the aid of a glass knife on an Ultramicrotome (Leica, Vienna, Austria). This was followed by staining with methylene blue to allow for selection of the most appropriate site for thin sectioning. These semithin sections were then viewed under a light microscope (Olympus, Tokyo, Japan). The ultrathin sections (90 nm) were prepared from these reembedded blocks and serial sections collected on copper slot grids. Sections were poststained with uranyl acetate and lead citrate before examination in a JEOL 1200 transmission electron microscope (JEOL, Tokyo, Japan).
Results
The head of female M. scalaris has a lateral pair of large compound eyes, with a prominent pair of antennae situated anteriorly between them (Fig. 1) . A pair of maxillary palps is located beneath the antennae and protrude forward. According to the terminology used in a reassessment of antennal morphology (Stuckenberg 1999) , each antenna is composed of only three segments: the scape, followed by the pedicel and postpedicel. In Phoridae, the Þrst segment (scape) is attached to the head. The pedicel is almost completely concealed from view by being largely enveloped by the postpedicel, so that it may not be readily observed, even at the high level of magniÞca-tion provided by SEM. The most prominent antennal segment is undoubtedly the postpedicel, which is spherical (Fig. 2) . The cuticular surface of the postpedicel is entirely covered with noninnervated microtrichia or spinules, which are small, hair-like, tapering structures. Approximately the front half of the ventral portion of the postpedicel consists of numerous coeloconic sensilla dispersed among the curved and tapering microtrichia (Fig. 3) . In general, coeloconic sensilla are characterized by short pegs, with either grooved or smooth surfaces, that are located in deep depressions (Zacharuk 1985) . The pegs on the coeloconic sensilla of M. scalaris possess two to eight deep longitudinal grooves, giving them a "starfruitlike" shape and are located centrally within a deep pit (Fig. 4) . On the maxillary palp, an oval cluster of coeloconic sensilla is located along its dorsal surface (Fig. 5) . Each of these sensilla look like a deep hole bearing a blunt-tipped peg measuring Ϸ6Ð8 m in length with a smooth outer surface (Fig. 6) . The average number of this type of sensilla on a maxillary palp was 88.4 (range 54 Ð119; n ϭ 20).
Semithin sections were prepared from basal segments of the antenna to select informative sites for closer inspection by using TEM. Longitudinal sections show that the pedicel is surrounded by and articulates with the globular postpedicel (Fig. 7) . Nuclei of numerous neurons (that are intensively stained) are seen in the outer peripheral half of the postpedicel. The semithin cross-section conÞrms the arrangement of the neurons within the postpedicel and pedicel, while showing the distinctive coeloconic sensilla around a portion of the peripheral margin of the postpedicel (Fig. 8) . By observing under TEM, the peg of a coeloconic sensillum on the postpedicel is seen inserted into the base of a shallow depression. The outer cuticle of the peg displays four distinctive deep grooves under which lies a thick nonporous wall (Fig. 9) .
Discussion
The morphology of coeloconic sensilla is distinct from the other olfactory sense organs (Jhaveri et al. 2000) . Coeloconic sensilla often consist of a peg whose wall is composed of numerous parallel-running Þngers (Keil 1997) . The current study of M. scalaris by using electron microscopy indicates that the antennae and maxillary palps of females bear many coeloconic sensilla. Those observed on the postpedicel possess pegs that have primarily four deep longitudinal grooves, giving them a shape reminiscent of starfruit. Thus, we termed them starfruit-like pegs. This unique starfruitlike peg has not been seen in previously described coeloconic sensilla. In addition, this structure was morphologically different from the bulbous pegs seen in the basal portion of the third antennal segment of another female phorid, M. halterata, as well as being different from the lanceolate pegs predominantly found in the middle-to-distal portion of the segment (Pfeil et al. 1994) . These lanceolate pegs were absent in male M. halterata, therefore sex can be differentiated in this species by using this character alone. By contrast, in M. scalaris, many starfruit-like pegs also have been found in the males. However, the exact number of these pegs could not be made under SEM for statistical comparison between male and female M. scalaris.
Compared with antennal pegs of other ßy species, the starfruit-like pegs have some morphological similarity to those found in the antennae of the biting midge Culicoides impunctatus Goetghebuer (Diptera: Ceratopogonidae) (Blackwell et al. 1992) . In this midge, the grooves are not as deep and are much more numerous (Ϸ12 grooves) by comparison with those of M. scalaris. In addition, the pit in C. impunctatus protrudes over the top of the cuticular surface of the peg; whereas the pegs in this study project out of their pits. Based on previous investigations, a variety of structures of pegs have been recorded in the literature. These include blunt-tipped pegs with longitudinally grooved surfaces and Þnger-like projections that lie close together (Zacharuk 1985 , Rahal et al. 1996 , short and conical pegs in the ladybird beetle Semiadalia undecimnotata Schneider. (Coleoptera: Coccinellidae) (Jourdan et al. 1995) , and short pegs having either grooved or smooth surfaces in the rhinoceros beetle, Oryctes rhinoceros (L.) (Coleoptera: Dynastidae) (Renou et al. 1998) . A variety of long, short, and bifurcated pegs lacking grooves or pores were observed in Lutzomyia spp. (Diptera: Psychodidae) by Spiegel et al. (2000) . In the female of the parasitoid Microplitis croceipes (Cresson) (Hymenoptera: Braconidae), the antennal sensilla were found to have pegs with bulb-like terminal ends and were each surrounded at their base by a doughnut-shaped ring (Ochieng et al. 2000) .
TEM investigations in our study revealed the thick, nonporous wall of the peg. Aporous sensilla have been previously reported to be involved primarily with mechanoreception of stimuli, but some also have been determined to be hygro-, xero-, or thermosensitive receptors (Zacharuk 1985) . In addition to Zacharuk (1985) , other studies also have suggested that the poreless coeloconic sensilla are involved with thermoor hygroreception in insects (McIver 1969 , Altner et al. 1983 , Le Rü et al. 1995 , Hull and Cribb 1997 , Ochieng et al. 2000 , whereas others have proposed the possibility of olfactory reception Andow 1993, Renthal et al. 2003) .
The appearance of a smooth, blunt-tipped peg protruding from a deep hole in the maxillary palps of adult female M. scalaris differs markedly from the bulbous peg seated in circular socket in the maxillary palps of female M. halterata (Pfeil et al. 1994) . The males of these two species each exhibit the same type of respective maxillary palp sensilla observed in the females of that species. In comparison with other ßies, the blunt-tipped peg observed in M. scalaris corresponds favorably with the sensilla coeloconica ("pit pegs") on the third antennal segment of Culicoides melleus (Coquillett) (Diptera: Ceratopogonidae) that were reported by Blackwell et al. (1992) , as well as those reported by Fernandes et al. (2002) on the human bot ßy, Dermatobia hominis (Linnaeus, Jr.) (Diptera: Cuterebridae). The smooth, blunt-ended sensilla that were observed in the current study to protrude over the cuticular surface of the maxillary palp are also very similar to those noted on the antennae of female Trichogramma australicum Girault (Hymenoptera: Trichogrammatidae) by Amornsak et al. (1998) .
The great abundance of coeloconic sensilla on the antennae and maxillary palps of Culicoides spp. has been suggested to serve in searching for their preferred hosts (Rowley and Cornford 1972, Braverman and Hulley 1979) . As for M. scalaris, no sexual dimorphism was found regarding the morphology of the starfruit-like pegs on the postpedicel or in the slightly elongated, blunt-tipped pegs of the maxillary palps in female and male ßies (data not presented for males). This may suggest a shared or similar function of the pegs in both sexes. At the least, the electrophysiology from this study provides merit for further investigations to clarify the speciÞc role of coeloconic sensilla in adult M. scalaris.
